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Background  of  the  Invention 
This  invention  relates  to  a  novel  two-piece 

plastic-like  fastening  device,  such  as  an  absorb- 
able  fastening  device,  and  also  to  an  instrument 
for  surgically  fastening  tissue  with  such  plastic- 
like  fastening  devices. 

It  has  been  proposed  to  have  a  two-piece 
plastic-like  device  for  surgically  fastening  tissue, 
comprising: 

a  plastic-like  retainer  having  a  longitudinal  ex- 
tension;  a  hole  extending  longitudinally  through 
the  retainer  and  its  longitudinal  extension;  the 
retainer  being  adapted  to  be  positioned  on  the 
distal  side  of  the  tissue  to  be  fastened;  the  longi- 
tudinal  extension  of  the  retainer  being  laterally 
expandable  about  the  retainer  hole;  and 

a  fastener  having  distally  extending  prongs; 
the  fastener  being  adapted  to  be  positioned  on 
the  proximal  side  of  the  tissue  to  be  fastened;  a 
laterally  extending  barb  being  provided  on  a 
lateral  surface  of  the  prong;  the  fastener  being 
adapted  to  be  moved  distally  so  that  the  prong 
and  its  barb:  1)  move  distally  through  an  open- 
ing  pierced  in  the  tissue  to  be  fastened,  and  2) 
then  move  distally  into  the  retainer  hole,  with  the 
bar  urging  the  longitudinal  extension  of  the 
retainer  to  expand  laterally,  until  the  barb  ex- 
tends  distally  of  the  longitudinal  extension  of  the 
retainer  and  a  proximal  surface  of  the  barb  non- 
releasably  engages  a  laterally  extending,  distal 
surface  of  the  longitudinal  extension  of  the 
retainer  about  the  retainer  hole,  according  to  the 
preamble  of  claim  1. 

Two-piece  absorbable  fastening  devices  of  this 
type  and  means  for  fastening  tissue  with  such 
devices  have  been  shown,  for  example,  in  U.S. 
patent  4,060,089. 

Such  fastening  devices  have  comprised  a 
retainer  strip  or  "retainer"  and  a  fastener  strip  or 
"fastener",  made  in  a  variety  of  lengths  and  sizes 
from  biologically  degradable  and  human-body 
absorbable  materials.  The  retainer  strip  has  been 
designed  to  be  held  in  an  elongated  rigid  anvil 
which  can  be  placed  on  one  side  of  the  tissue  to 
be  fastened,  and  the  fastener  strip  has  been 
designed  to  be  mounted  in  alignment  with  a 
pusher  member  located  on  the  other  side  of  the 
tissue.  The  fastener  strip  has  been  provided  with 
a  plurality  of  barbed  prongs  which  can,  when 
urged  through  openings  pierced  in  the  tissue,  fit 
within  holes  in  the  retainer  strip  to  hold  the 
fastener  strip  and  retainer  strip  securely 
together. 

More  specifically,  the  fastening  device  dis- 
closed  in  the  above  patent  comprises  a  retainer 
13  and  a  fastener  16  provided  with  prongs  17 
supported  and  aligned  by  pins  27  for  keeping  the 
prongs  rigid  as  they  are  inserted  through  the 
tissue  to  be  fastened  and  then  into  the  retainer. 
Such  fastener  includes  a  central  hole  in  each 
prong  extending  completely  through  the  prong 
along  its  long  axis,  and  a  metal  pin  is  inserted 
into  each  hole  from  one  end  and  extends  out  of 

the  prong  at  the  other  end.  These  pins  serve  the 
dual  function  of  maintaining  the  hollow  prong's 
rigidity  and  providing  a  means  to  pierce  the 
tissue  (column  3,  lines  29-55). 

Such  a  fastening  device  is  designed  to  allow 
the  hollow  prong  to  easily  pierce  the  tissue  with 
the  assistance  of  the  pin.  Because  of  the  central 
location  of  the  pin  through  the  prong,  the 
strength  of  this  pin  -   e.g.,  its  diameter,  cannot 
be  increased  without  sacrificing  the  strength  of 
the  prong.  Further,  the  pin  alone  could  not  be 
used  to  pre-pierce  the  tissue  since  it  would 
create  a  hole  of  smaller  diameter  than  the  prong. 

One  object  of  the  present  invention  is  to  im- 
prove  the  known  fastening  devices  of  the  type 
above,  so  that  the  size  and  shape  of  the  p r e -  
piercing  element  is  not  restricted  by  the  diameter 
or  shape  of  the  fastening  prong.  As  a  con- 
sequence,  the  piercer  can  be  of  sufficient 
strength,  shape,  and  size  to  produce  a  hole 
greater  than  that  of  the  prong  to  easily  enter 
through.  In  that  case,  the  prongs  are  not  used  to 
pierce  the  tissue  either  alone  or  with  the  assist- 
ance  of  the  piercing  element;  after  the  tissue  is 
pierced,  the  piercing  element  may or  may  not  be 
retracted  from  the  hole  prior  to  advancing  the 
prong  through  the  hole. 

Summary  of  the  Invention 
In  accordance  with  this  invention,  a  two-piece 

plastic-like  device  of  the  above  type  is  provided 
for  surgically  fastening  tissue,  characterized  in 
that  it  further  comprises: 

a  channel  extending  longitudinally  through  the 
fastener  and  its  prong;  the  longitudinal  center 
line  of  the  fastener  channel:  1)  being  parallel  to 
the  longitudinal  center  line  of  the  retainer  hole 
and  2)  extending  within  said  retainer  hole;  and 

said  fastener  channel  being  adapted  to  allow  a 
piercing  member  and  the  fastener  to  move  longi- 
tudinally  with  respect  to  each  other,  said  piercing 
member  having  means  on  its  distal  end  for 
piercing  an  opening  through  the  tissue  between 
the  retainer  and  the  fastener  upon  distal  move- 
ment  of  the  distal  end  of  the  piercing  member 
against  the  tissue  to  be  fastened,  according  to 
the  characterizing  portion  of  claim  1. 

Further  improvements  of  such  a  fastening 
device  can  be  obtained,  by  providing  the  features 
recited  in  claims  2  to  4. 

Also  in  accordance  with  this  invention,  an 
instrument  for  surgically  fastening  tissue  by 
means  of  a  fastening  device  of  the  type  above  is 
provided,  such  instrument  comprising: 

a  first,  elongated,  longitudinally  extending 
means  for  moving  the  piercing  member  distally 
with  distal  movement  of  the  first  moving  means; 
the  distal  end  of  the  first  moving  means  being 
adapted  to  move  distally  to  contact,  and  move 
distally,  the  proximal  end  of  said  piercing 
member; 

a  second,  elongated,  longitudinally  extending 
means  for  moving  the  fastener  distally  with  dist- 
al  movement  of  the  second  moving  means;  the 
distal  end  of  the  second  moving  means  being 



adapted  to  move  distally  to  contact,  and  move 
distally,  the  proximal  end  of  said  fastener; 

first  means,  located  adjacent to  the  proximal  end 
of the  first  moving  means,  for  urging  the  proximal 
end  of  said  first  moving  means  to  move  distally 
when  the  proximal  end  of  the  first  urging  means  is 
urged  to  move  distally; 

second  means,  located  adjacent to  the  proximal 
end  of  the  second  moving  means,  for  urging  the 
proximal  end  of  the  second  moving  means  to 
move  distallywhen  the  proximal  end  of the  second 
urging  means  is  urged  to  move  distally; 

means  for  simultaneously  1)  rotating  about  a 
transverse  axis  both  the  first  and  second  urging 
means  so  that  said  urging  means  become  longi- 
tudinally  aligned  with  the  first  and  second  moving 
means,  respectively,  and  2)  moving  distally  both 
the  piercing  member  and  the  fastener  so  that 

a)  the  longitudinal  spacing  betweem  the  pierc- 
ing  member  and  the  tissue  to  be  fastened,  be- 
comes  such  that  said  piercing  member,  when 
moved  distally  by  the  first  moving  means,  can 
pierce  the  tissue  and 

b)  the  longitudinal  spacing  between  the  fastener 
and  the  retainer  becomes  such  that  the  prong  of 
the  fastener,  when  moved  distally  by  the  second 
moving  means,  can  move  through  the  opening 
pierced  in  the  tissue  and  into  the  retainer  hole  to 
hold  the  retainer  and  fastener  together; 

a  rotatable  first  cam  having  a  circumferential 
first  cam  surface  that  moves  progressively  closer 
longitudinally  to  the  retainer  upon  actuation  and 
that  urges  the  proximal  end  of  the  first  urging 
means  to  move  distally  as  the  first  cam  undergoes 
a  first  rotation;  and 

a  rotatable  second  cam  having  a  circumferential 
second  cam  surface  that  moves  progressively 
closer  longitudinally to  the  retainer  upon  actuation 
and  that  urges  the  distal  end  of  the  second  urging 
means  to  move  distally  as  the  first  cam  undergoes 
a  further  second  rotation;  the  second  cam  being 
parallel  to  the  first  cam  and  rotating  with  said  first 
cam;  and  the  second  cam  surface  not  urging  the 
distal  end  of  the  second  urging  means  to  move 
distally  during  the  first  rotation  of  the  first  cam, 
according  to  claim  5. 

Brief  Description  of  the  Drawings 
Figure  1  is  a  perspective  view  of  one  embodi- 

ment  of  an  instrument  for  applying  two-piece 
absorbable  surgical  fastening  devices  in  accord- 
ance  with  this  invention.  Figure  1  shows  an  anvil 
assembly  on  a  U-shaped  member  on  the  distal  end 
of  the  housing  of  the  instrument.  The  anvil 
assembly  is  located  distally  of  a  fastener-carrying 
assembly  on  the  distal  end  of  a  longitudinally 
movable,  support  member  which  extends  from 
the  distal  end  of  the  housing.  Tissue,  to  be 
fastened,  can  be  inserted  between  the  anvil  and 
fastener-carrying  assemblies. 

Figure  2 is  a  fragmentary  perspective view  of the 
proximal  portions  of  the  instrument  of  Figure  1. 
Proximal  portions  of the  housing  of the  instrument 
have  been  removed  to  show  a  mechanism  that  can 
be  used,  when  the  handles  of  the  instrument  are 

squeezed  together,  to  actuate  means  for:  a) 
distally  moving  piercing  members  in  the  fastener- 
carrying  assembly  so  that  they  pierce  the  tissue 
that  is  to  be  fastened;  and  b)  then  distally  moving 
fasteners  in  the  fastener-carrying  assembly  so  that 
distally  extending  prongs  on  the  fasteners  move 
distally  through  openings  pierced  in  the  tissue  and 
then  into  holes  in  retainers  in  the  anvil  assembly  to 
hold  the  fasteners  and  retainers  together  and 
thereby  fasten  the  tissue. 

Figure  3  is  an  exploded  perspective  view  of  the 
actuating  mechanism  of  the  instrument  shown  in 
Figure  2. 

Figure  4  is  a  fragmentary  sectional  view  taken 
along  the  longitudinal  center  line  of  the  instru- 
ment.  Figure  4  shows  portions  of  the  actuating 
mechanism  that  are  associated  with,  and  located 
distally  of,  its  first  rotatable  cam.  In  Figure  4,  the 
elements  of  the  actuating  mechanism  are 
arranged  as  they  are  when  the  anvil  assembly  and 
fastener-carrying  assembly  are  spaced  longi- 
tudinally  apart,  as  in  Figures  1  and  14,  so  that 
tissue,  to  be  fastened,  can  be  inserted  between 
them.  As  the  actuating  mechanism  is  shown  in 
Figure  4,  it  cannot  be  used,  when  the  handles  of the 
instrument  are  squeezed  together,  to  cause  distal 
movement  of the  piercing  members  and  fasteners. 

Figure  5  is  a  sectional  view  taken  along  line  5 - 5  
in  Figure  4. 

Figure  6  is  a  fragmentary  sectional  view,  similar 
to  Figure  4.  Figure  6  shows  portions  of  the 
actuating  mechanism  associated  with,  and  located 
distally  of,  its  first  rotatable  cam.  In  Figure  6,  the 
elements  of  the  actuating  mechanism  are 
arranged  as  they  are  when  the  longitudinal  space 
between  the  anvil  and  fastener-carrying  assemb- 
lies  is  as  shown  in  Figure  15  so  that  the  actuating 
mechanism  can  be  used  to  cause  the  piercing 
members  to  be  moved  distally  and  then  cause  the 
fasteners  to  be  moved  distally.  As  the  actuating 
mechanism  is  shown  in  Figure  6,  it  has  been  used, 
by  partially  squeezing  the  handles  of  the  instru- 
ment  together,  to  cause  the  first  cam  to  rotate  and 
cause  thereby  the  piercing  members  to  be  moved 
distally. 

Figure  7  is  a  sectional  view  taken  along  line  7 - 7  
in  Figure  6. 

Figure  8  is  a  fragmentary  sectional  view,  similar 
to  Figure  6.  Figure  8  shows  portions  of  the 
actuating  mechanism  associated  with,  and  located 
distally  of,  its  second  rotatable  cam. In  Figure  8,  the 
elements  of  the  actuating  mechanism  are 
arranged  as  they  are  after  the  actuating 
mechanism  has  been  used,  by  fully  squeezing  the 
handles  of  the  instrument  together,  to  cause  the 
second  cam  to  rotate  and  cause  thereby  the 
fasteners  to  be  moved  distally. 

Figure  9  is  a  sectional  view  taken  along  line  9 - 9  
in  Figure  8. 

Figures  10  to  13  are  side  views  of  different 
embodiments  of  the  first  cam  of  the  actuating 
mechanism.  Rotation  of the first cam  regulates the 
longitudinal  movement  of  the  piercing  members, 
used  to  pierce  openings  in  the  tissue,  to  be 
fastened. 



Figures  14  and  15  are  fragmentary  side  views  of 
the  distal  portions  of  the  instrument  of  Figure  1. 
Shown  are  the  anvil  and  fastener-carrying 
assemblies  positioned  about  tissue  that  is  to  be 
fastened  between  them. 

Figure  16  is  a  sectional  view  taken  along  line 
16-16  in  Figure  15. 

Figure  17  is  a  cut-away  perspective  view  of 
portions  of  the  anvil  assembly  and  its  retainers 
and  portions  of  the  fastener-carrying  assembly 
and  its  piercing  members  and  fasteners. 

Figure  18  is  a  sectional  view  taken  along  lines 
18-18  in  Figure  17. 

Figures  19  to  22  are  partial  sectional  views  of 
the  proximal  portions  of  the  instrument  of  Figure 
1.  Figures  19  and  21  are  side  views,  Figure  20  is  a 
top  view  taken  along  line  20-20  in  Figure  19,  and 
Figure  22  is  a  top  view  taken  along  line  22-22  in 
Figure  21.  Figures  19  to  22  show  the  piercing  and 
subsequent  fastening  of  tissue  by  the  anvil  and 
fastener-carrying  assemblies  and  their  two  paral- 
lel  rows  of  retainers,  fasteners  and  piercing  mem- 
bers. 

Figure  23  is  a  top  view  of  one  embodiment  of  an 
absorbable  surgical  fastener  of  this  invention  as 
shown  in  Figures  20  and  22. 

Figure  24  is  a  partial  sectional  side  view  of  the 
fastener  shown  in  Figure  23. 

Figure  25  is  a  sectional  view  taken  along  line 
25-25  in  Figure  24. 

Figure  26  is  a  sectional  view  taken  along  line 
26-26  in  Figure  24. 

Figure  27  is  a  partial  sectional  side  view  of  one 
embodiment  of  a  retainer  of  this  invention  as 
shown  in  Figures  19  and  21. 

Figure  28  is  another  side  view  of  the  retainer 
shown  in  Figure  27. 

Figure  29  is  a  top  view  of  the  retainer  of  Figure 
28,  taken  along  line  29-29  in  Figure  28. 

Figure  30  is  a  sectional  view  taken  along  line 
30-30  in  Figure  28. 

Detailed  Description  of the  Preferred  Embodiment 
Although  the  principles  of  this  invention  are 

applicable  to  other  surgical  fastening  instru- 
ments,  the  invention  will  be  fully  understood  from 
an  explanation  of  its  application  to  a  preferred 
embodiment  of  an  instrument  for  fastening  two 
portions  of  tissue  together  with  two-piece  plastic- 
like  surgical  fastening  devices  as  shown  in  Fig- 
ures  1  to  30. 

Shown  in  Figure  1  is  an  instrument,  generally 
10,  for  applying  two-piece  absorbable  fastening 
devices  in  accordance  with  this  invention.  The 
instrument  10  includes  an  elongated  rigid  body  or 
housing  12,  having  a  longitudinally  extending, 
tubular  portion  14  on  its  distal  end.  On  the 
proximal  end  of  the  housing  12  is  a  rotatable 
wing  nut  16.  Beneath  the  housing  12  are  a  pair  of 
rigid  handles  18  and  20.  One  handle  18  is  fixed 
on  the  instrument  10,  while  the  second  handle 
20  is  pivotally  connected  to  the  instrument.  The 
lower  portions  21  of  the  second  handle  20, 
beneath  the  second  handle's  pivotal  connection 
to  the  instrument  10,  can  be  moved  proximally 

toward  the  fixed  first  handle  18,  e.g.,  by  squeezing 
the  lower  portions  of  the  handles  18  and  20 
together. 

As  shown  in  Figures  1, 14  and  15,  a  rigid,  longi- 
tudinally  extending,  U-shaped  member  22  is 
mounted  on  the  distal  end  of  the  tubular  housing 
portion  14  of the  instrument  10.  On  the  proximal 
side  of  the  distal  leg  24  of  the  U-shaped  member 
22  is  provided  an  anvil  assembly,  generally  26,  of 
this  invention  which  will  be  described  below.  The 
anvil  assembly  26  contains  two  parallel  rows  of 
absorbable  one-piece  retainers,  generally  26A, 
which  will  also  be  described  below.  If  desired,  the 
anvil  assembly  26  can  be  detachably  connected  in 
a  conventional  manner  to  the  proximal  side  of  the 
distal  leg  24  of  the  U-shaped  member  22  so  that 
the  anvil  assembly  can  be  replaced  after  use. 

As  also  shown  in  Figures  1,  14  and  15,  a  longi- 
tudinally  movable,  rigid,  tubular  support  member 
28  is  provided  within  the  tubular  housing  portion 
14  of  the  instrument  10.  The  support  member  28 
extends  distally  outward  of  the  tubular  housing 
portion  14.  A  fastener-carrying  assembly, 
generally  30,  which  will  be  described  below,  is 
provided  on  the  distal  end  of the  support member 
28.  The  fastener-carrying  assembly  30  contains 
two  parallel  rows  of  rigid,  preferably  metal  (e.g., 
stainless  steel),  piercing  members,  generally  30A, 
and  two  parallel  rows  of  absorbable  one-piece 
fasteners,  generally  30B,  which  will  be  described 
below.  If  desired,  the  fastener-carrying  assembly 
30  can  be  detachably  connected  in  a  conventional 
manner  to  the  distal  end  of  the  support  member 
28  so  that  the  fastener-carrying  assembly  can  be 
replaced  after  use. 

Shown  in  Figures  2  and  3  is  a  mechanism, 
generally  32,  that  can  be  used,  when  the  lower 
portion  21  of  the  second  handle  20  is  moved 
proximally  toward  the  fixed  first  handle  18,  for 
actuating  means  in  the  instrument  10  for:  a) 
piercing  the  tissue,  to  be  fastened,  with  the 
piercing  members  30A  in  the  fastener-carrying 
assembly  30;  and  b)  then  urging  the  fasteners  30B 
in  the  fastener-carrying  assembly  30  into  open- 
ings  pierced  in  the  tissue  and  then  into  holes  in 
the  retainers  26A  in  the  anvil  assembly  26. 

The  actuating  mechanism  32  is  located  in  the 
proximal  portions  of  the  housing  12  of  the  instru- 
ment  10.  The  mechanism  32  comprises  a  pair  of 
parallel  rigid  elongated  pusher  rods  34  and  36. 
The  pusher  rods  34  and  36  are  located  in  a  rigid 
rectangular  frame  38.  The  pusher  rods  34  and  36 
extend  slidably  through  separate  holes  in  two, 
laterally  extending,  opposite  sides  40  and  42  of 
the  rectangular  frame  38.  Provided  about  each 
pusher  rod  34  and  36,  within  the  rectangular 
frame  38,  is  a  spring  44  and  46.  The  distal  end  of 
each  spring  44  and  46  is  adjacent  to  the  distal, 
laterally  extending  side  42  of  the  rectangular 
frame  38.  The  proximal  end  of  each  spring  44  and 
46  is  adjacent  to  a  pin  48  and  50,  extending 
laterally  outward  of  each  pusher  rod  34  and  36,  so 
that  the  springs  44  and  46  are  adapted  to  urge  the 
pusher  rods  34  and  36  and  their  pins  48  and  50  to 
move  proximally. 



In  the  actuating  mechanism  32  of  the  instru- 
ment  10,  the  proximal  end  of  a  first  pusher  rod  34 
is  pivotally  connected  to  the  distal  end  of  the 
rigid,  longitudinally  extending,  connecting 
member  52.  The  proximal  end  of  the  connecting 
member  52  is  pivotally  connected  to  a  rotatable 
cam  follower  54. 

Surrounding  and  supporting  the  actuating 
mechanism  32  of  the  instrument  10  is  a  rigid 
frame,  generally  58,  within  the  proximal  portions 
of  the  housing  12.  The  frame  58  includes  two, 
elongated,  longitudinally  extending,  lateral  side 
members  60  and  62.  The  ends  of  a  first  rigid, 
laterally  extending  shaft  63  are  connected  to  the 
two  lateral  side  frame  members  60  and  62.  The 
other  two  opposite  sides  64  and  65  of  the  rect- 
angular  frame  38  are  rotatably  mounted  on  the 
first  shaft  63  so  that  the  rectangular  frame  38  is 
rotatably  connected  to  the  two  lateral  side  frame 
members  60  and  62. 

As  shown  in  Figures  2  and  3,  the  distal  ends  of 
the  two  lateral  side  frame  members  60  and  62  are 
provided  with  bifurcated  extensions  60A  and  62A, 
respectively,  which  extend  laterally  towards  each 
other.  The  lateral  side  frame  member  extensions 
60A  and  62A  have  arcuate  ends  with  distally 
extending,  arcuate  projections  60A'  and  62A', 
respectively.  The  arcuate  projections  60A'  and 
62A'  are  held  on  laterally  opposite  sides  of  the 
proximal  end  of the  tubular  housing  portion  14  by 
a  circular  band  14A  about  the  arcuate  projections 
60A'  and  62A'  and  the  proximal  end  of  the  tubular 
housing  portion  14. 

As  seen  from  Figures  3  and  7,  the  upper 
portions  66  of  the  movable  second  handle  20  are 
also  rotatably  connected  to  the  two  lateral  side 
frame  members  60  and  62  by  means  of  a  pair  of 
laterally  extending  screws  67  and  a  second  rigid, 
laterally  extending  shaft  68.  The  screws  67  are 
threaded  into  laterally  opposite  ends  of  the 
second  shaft  68,  and  the  shaft  68  extends  laterally 
through  a  laterally  extending  hole  66A  in  the 
upper  second  handle  portions  66.  The  second 
shaft  68  is  rotatably  mounted  in  holes  in  the  first 
and  second,  lateral  side  frame  members  60  and 
62,  respectively.  The  upper  second  handle  por- 
tions  66,  about  the  hole  66A,  are  also  connected 
by  two,  laterally  extending,  dowel  pins  69  and  two 
laterally  extending  screws  70  to  a  segmented 
drive  gear  72.  The  drive  gear  72  is  also  rotatably 
mounted  about  the  second  shaft  68  so  that:  a)  it  is 
rotatably  connected  to  the  lateral  side  frame 
members  60  and  62  and  b)  it  rotates  with  the 
upper  portions  66  of  the  second  handle  20  about 
the  second  shaft  68.  A  circular  spacer  73,  integral 
with  the  second  shaft  68,  is  preferably  provided 
between  the  upper  second  handle  portions  66  and 
the  drive  gear  72,  and  the  dowel  pins  69  and 
screws  70,  connecting  the  upper  second  handle 
portions  66  and  the  drive  gear  72,  preferably 
extend  through  the  spacer  73. 

As  shown  in  Figures  3,  5 and  8,  the  drive  gear  72 
is  coupled  to  a  longitudinally  adjacent,  seg- 
mented  driven  pinion  gear  74.  The  driven  gear  74 
is  also  rotatably  connected  to  the  lateral  side 

frame  members  60  and  62  by  a  third  rigid, 
laterally  extending  shaft  75,  extending  through 
the  driven  gear  74.  The  driven  gear  74  is  con- 
nected  by  two,  laterally  extending,  dowel  pins 
69A  and  two,  laterally  extending  screws  70A,  to  a 
laterally  adjacent,  drive  clutch  76,  rotatably 
mounted  on  the  third  shaft  75.  It  is  preferred  that 
the  drive  clutch  76  extend  much  less  than  180° 
about  the  third  shaft  75,  preferably  approximately 
112.5°  about  the  third  shaft  75.  The  drive  clutch  76 
is  coupled  to  a  longitudinally  adjacent,  driven 
clutch  78,  which  preferably  extends  approxi- 
mately  180°  about  the  third  shaft  75.  The  driven 
clutch  78  is  mounted  on  one  lateral  side  of  a  first 
cam  80  that  is  laterally  adjacent  to  the  drive  clutch 
76.  The  first  cam  80  and  the  driven  clutch  78  are 
also  rotatably  mounted  on  the  third  shaft  75. 
Thereby,  the  drive  gear  72,  driven  gear  74,  drive 
clutch  76,  driven  clutch  78  and  first  cam  80  are 
adapted  to  rotate  longitudinally  with  longitudinal 
rotation  of  the  upper  second  handle  portions  66 
about  the  second  shaft  68  upon  proximal  move- 
ment  of  the  lower  portions  21  of  the  second 
handle  20. 

As  also  shown  in  Figures  3  and  4,  a  third  spring 
82  is  located  on  the  other  lateral  side  of  the  first 
cam  80  about  the  third  shaft  75.  The  ends  of  the 
third  spring  82  are  longitudinally  biased  against  a 
projection  82A  on  the  lower  portions  of  the  first 
cam  80  and  a  projection  82B  on  the  adjacent  first 
lateral  side  member  60  of  the  frame  58.  The  pro- 
jections  82A  and  82B  extend  laterally  towards 
each  other.  The  third  spring  82  resists  longi- 
tudinal  rotation  of  the  first  cam  80  which  would 
result  in  distal  movement  of  the  projection  82A  on 
the  first  cam  80. 

As  seen  from  Figures  3,  a n d   8,  a  longitudinally 
extending,  fourth  spring  84  is  connected,  at  its 
proximal  end,  to  a  laterally  extending,  rigid  pin  86 
within  the  frame  58.  One  end  of  the  pin  86  is 
located  in  a  hole  72A  in  the  lateral  surface  of  the 
proximal  lower  end  of  the  drive  gear  72,  adjacent 
to  its  gear  teeth.  The  other  end  of  the  pin  86  is 
slidably  located  in  an  arcuate  slot  87  in  the  second 
lateral  side  member  62  of  the  frame  58.  The  distal 
end  of  the  fourth  spring  84  is  wrapped  about  the 
first  screw  67  and  the  second  shaft  68  and  is  con- 
nected  to  the  second  lateral  side  frame  member 
62.  The  proximal  end  of  the  fourth  spring  84  is 
wrapped  about  the  pin  86.  Thereby,  the  fourth 
spring  84  serves  to  resist  longitudinal  rotation  of 
the  drive  gear  72  and  pin  86. 

Mounted  on  top  of  the  upper  portions  66  of  the 
movable  second  handle  20  is  an  upwardly  extend- 
ing  finger  or  second  cam  88.  The  second  cam  88  is 
adapted  to  rotate  longitudinally  and  move  distally 
with  longitudinal  rotation  of  the  upper  second 
handle  portions  66  about  the  second  shaft  68 
when  the  lower  portions  21  of  the  second  handle 
20  are  moved  proximally. 

In  the  actuating  mechanism  32  of  the  instru- 
ment  10,  the  first  cam  80  has  a  circumferential 
first  cam  surface  80A.  The  first  cam  surface  80A  is 
located  proximally  of  the  circumferential  surface 
of the  cam  follower  54,  the  connecting  member  52 



and  the first  pusher  rod  34  in  the  rectangularframe 
38  as  shown  in  Figures  4  and  6.  The  second  cam  88 
has  a  distally  extending,  circumferential  second 
cam  surface  88A.  As  shown  in  Figure  8,  the  second 
cam  surface  88A  is  located  proximally  of  the 
second  pusher  rod  36  in  the  rectangular  frame  38. 

Provided  within  the  frame  58  is  a  bifurcated 
pusher  bar  90  as  shown  in  Figures  2  and  3.  The 
pusher  bar  90  comprises  two  rigid,  elongated, 
longitudinally  extending,  lateral  side  members  92 
and  94,  connected  by  a  rigid  rectangular  block 96  at 
their  proximal  ends.  Each  lateral  side  pusher 
member  92  and  94  is  located  adjacent to  one  of the 
facing  surfaces  of  the  lateral  side  frame  members 
60  and  62  and  is  adapted  to  slide  along  the  facing 
surface  of  its  adjacent  lateral  side  frame  member 
60  and  62.  Preferably,  two  parallel,  longitudinally 
extending  sets  of  guides  98  project  laterally  from 
the  upper and  lower  portions  of the facing  surfaces 
of  the  two  lateral  side  frame  members  60  and  62. 
The  upper  and  lower  sets  of  guides  98  serve  to 
keep  the  lateral  side  pusher  members  92  and  94 
moving  longitudinally  along  the  lateral  side  frame 
members  60  and  62  between  the  sets  of  guides  98. 

As  shown  in  Figures  2  and  3,  the  distal  ends  of 
the  lateral  side  pusher  members  92  and  94  are  pro- 
vided  with  bifurcated  extensions  100  and  102, 
respectively,  which  extend  laterally  towards  each 
other.  The  bifurcated  pusher  extensions  100  and 
102  have  arcuate  ends  which  are  located  in  an 
annular  groove  103  in  the  outer  surface  of  the 
support  member  28.  Thereby,  the  bifurcated 
pusher extensions  100  and  102  hold  between  them 
laterally  opposite  sides  of  the  proximal  end  of  the 
support  member  28. 

In  the  actuating  mechanism  32,  a  longitudinally 
extending,  threaded  hole  104  is  provided  through 
the  block  96  of  the  pusher  bar  90.  A  longitudinally 
extending  threaded  rod  106  is  provided  on  the 
distal  end  of the  wing  nut  16.  The  threaded  rod  106 
extends  through  a  hole  108  in  a  proximal  member 
109  of the frame  58  and  is  threadedly  engaged  with 
the  hole  104  in  the  pusher  block  96. 

The  lower  edge  of  each  lateral  side  pusher 
member  92  and  94  of the  pusher  bar  90  is  provided 
with  a  downwardly  extending  projection  110  and 
112.  Each  projection  110  and  112  has  a  down- 
wardly  extending,  elongated  slot  114  and  116 
extending  laterally  through  it.  Positioned  between 
the  projections  110  and  112  of  the  lateral  side 
pusher  members  92  and  94  are  the  lower  portions 
118  of the  other two  opposite  sides  64  and  65  of the 
rectangular  frame  38  which  contains  the  pusher 
rods  34  and  36.  Provided  in  the  lower  portions  118 
of  each  of the  other two  opposite  sides  64  and  65  of 
the  rectangular  frame  38  is  a  hole  120.  The  slots 
114  and  116  in  the  projections  110  and  112  of  the 
lateral  side  pusher  members  92  and  94  and  the 
holes  120  in  the  lower  portions  118  of the  othertwo 
opposite  sides  64  and  65  of  the  rectangular  frame 
38  are  pivotally  connected  by  a  fourth  rigid, 
laterally  extending  shaft  122  extending  through  all 
these  holes  120  and  slots  114  and  116. 

Mounted  in  the  frame  58  on  the  first  lateral  side 
frame  member  60  is  a  bracket  124  having  a  slot  126 

extending  longitudinally  from  the  distal  end  of the 
bracket  124.  Slidably  located  in  the  slot  126  is  one 
end  of  a  laterally  extending,  fifth  rigid  shaft  128. 
Two,  laterally  spaced,  annular  guides  129  are  pro- 
vided  on  the  one  end  of  the  fifth  shaft  128  to  hold 
the  one  end  of  the  fifth  shaft  128  in  the  slot  126  of 
the  bracket  124  between  the  guides  129.  The  other 
end  of  the  fifth  shaft  128  has  a  snap  ring  which  fits 
into  a  hole  at  the  center  of  the  cam  follower  54  so 
as  to  support  the  cam  follower  54  and  allow  it  to 
rotate  about  the  fifth  shaft  128. 

Located  distally  of  the  actuating  mechanism  32 
of the  instrument  10,  as  described  above,  is  a  first 
rigid  elongated  rod  130  and  a  second  rigid  elon- 
gated  rod  132.  The first  and  second  elongated  rods 
130  and  132  extend  longitudinally  through  the  sup- 
port  member  28  which  extends  through  the  tubu- 
lar  housing  portion  14.  As  seen  from  Figures  2,4,6  6 
and  8,  when  the  pusher  rods  34  and  36  extend 
longitudinally,  the  proximal  ends  of  the  first  and 
second  elongated  rods  130  and  132  are  adjacent to 
the  distal  ends  of  the  first  and  second  pusher  rods 
34  and  36,  respectively. 

As  shown  in  Figure  16,  a  rigid  annular spacer  133 
is  mounted  in  the  distal  end  of  the  support 
member  28.  The  central  portions  133A  of  the 
spacer  133  fit  closely  aboutthe  elongated  rods  130 
and  132  at  about  the  longitudinal  center  of  the 
spacer  133,  near  the  distal  end  of  the  support 
member  28.  The  upper  and  lower  portions  133B 
and  133C,  respectively,  of  the  spacer  133  extend 
proximally  of  its  central  portions  133A  within  the 
support  member  28.  The  spacer  133  is  adapted  to: 
a)  align  the  elongated  rods  130  and  132  in  the  sup- 
port  member  28  as  shown  in  Figure  16  and  b) 
permit  the  elongated  rods  130  and  132  to  move 
smoothly  within  the  support  member  28  in  a  longi- 
tudinal  direction. 

As  shown  in  Figure  15,  a  fifth  spring  130A  is  also 
provided  about  the  first  elongated  rod  130.  The 
fifth  spring  130A  is  located  between:  a)  the 
proximal  ends  of  the  upper  and  lower  portions 
133B  and  133C  of the  spacer  133  and  b)  a  pin  130B 
extending  laterally  outward  of  the  first  elongated 
rod  130.  The  fifth  spring  130A  is  adapted  to  urge 
the  pin  130B  and  the  first  elongated  rod  130  to 
move  proximally  when  the  first  elongated  rod  130 
has  been  moved  distally,  relative  to  the  support 
member  28,  from  the  first  elongated  rod's  position 
in  Figure  15  and  the  spring  130A  has  been  longi- 
tudinally  compressed  by  the  pin  130B. 

As  seen  from  Figures  19  to  22,  the  distal  ends  of 
the  first  and  second  elongated  rods  130  and  132 
extend  into  the  fastener-carrying  assembly  30  and 
are  provided  with  projections  134  and  136,  respec- 
tively,  which  extend  laterally  towards  each  other. 
The  first  projection  134  on  the  first  elongated  rod 
130  extends  through  a  close  fitting  slot  138  in  the 
proximal  end  of  a  longitudinally  extending,  elon- 
gated,  rigid,  piercing  member  driver  140  in  the 
fastener-carrying  assembly  30.  The  second  projec- 
tions  136  on  the  second  elongated  rod  132  extends 
through  a  close  fitting  slot  142  in  the  proximal  end 
of  a  longitudinally  extending,  rigid,  elongated, 
bifurcated  fastener  driver  144  in  the  fastener- 



carrying  assembly  30. 
The  distal  end  of  the  piercing  member  driver 

140  is  connected  to  two  parallel,  laterally  extend- 
ing  rows  143  of  longitudinally  extending,  piercing 
members  30A  in  the  fastener-carrying  assembly 
30.  The  piercing  members  30A  are  rigid,  elon- 
gated  members,  the  distal  ends  143A  of which  are 
adapted  to  pierce  tissue  when  urged  distally 
against  the  tissue.  Preferably,  the  distal  ends 
143A  of  the  piercing  members  30A  are  beveled 
knife  blades  as  shown  in  Figure  17. 

The  fastener  driver  144  comprises  two  longi- 
tudinally  extending,  parallel,  fastener  driver 
members  145  and  146,  located  on  laterally  oppo- 
site  sides  of  the  piercing  member  driver  140  in  the 
fastener-carrying  assembly  30.  The  distal  ends  of 
the  fastener  driver  members  145  and  146  are  pro- 
vided  with  forked  extensions  147  and  148,  respec- 
tively,  which  extend  laterally  towards  each  other. 
Two  parallel  rows  of  fasteners  30B  extend  distally 
from  the  fastener  driver  members  145  and  146 
and  their  forked  extensions  147  and  148.  The 
distal  surfaces  of  the  fastener  driver  extensions 
147  and  148  are  adapted  to  abut  against,  and  urge 
distally,  the  fasteners  30B  when  the  fastener 
driver  144  is  urged  distally. 

Located  distally  of  the  fastener-carrying 
assembly  30  is  the  anvil  assembly  26,  located  on 
the  proximal  side  of  the  distal  end  24  of  the  U- 
shaped  member  22.  As  shown  in  Figure  17,  the 
anvil  assembly  26  serves  to  frictionally  hold  two 
parallel  rows  of  retainers  26A  where  they  can  be 
used  to  fasten  tissue  with  the  fasteners  30B.  The 
anvil  assembly  26  also  serves  to  prevent  the 
tissue,  being  fastened,  from  moving  distally  and 
to  prevent  the  retainers  26A  from  moving  either 
laterally  or  distally  while  the  fasteners  30B  are 
being  urged  distally  against  the  tissue  and  the 
retainers  26A  to  fasten  the  fasteners  and  retainers 
30B  and  26A  together  about  the  tissue.  In  this 
regard,  the  anvil  assembly  26  holds  the  retainers 
26A  distally  of  tissue  positioned  between  the  anvil 
and  fastener-carrying  assemblies  26  and  30. 

In  accordance  with  this  invention,  the  instru- 
ment  10  can  be  used  to  surgically  fasten  tissue 
with  a  plurality  of  retainers  26A,  made  of  an 
absorbable  material,  and  a  plurality  of  fasteners 
30B,  made  of  an  absorbable  material. 

As  shown  in  Figures  23  to  26,  each  fastener  30B 
of  this  invention  preferably  comprises  a  laterally 
extending  base  160  having  one  or  more,  distally 
extending,  parallel  prongs  162.  The  base  160  of 
the  fastener  30A  is  adapted  to  be  urged  to  move 
distally  by  one  of  the  fastener  driver  extensions 
147  and  148.  Preferably,  the  fastener  30B  has  two 
prongs  162  on  laterally  opposite  ends  of  its  base 
160.  Provided  on  a  lateral  surface  of  each  prong 
162  is  one  or  more,  laterally  extending  barbs  164. 
Preferably,  a  distal  surface  of  a  barb  164  on  each 
prong  162  comprises  a  distal  surface  of the  prong 
itself.  In  each  prong  162  and  its  proximally  located 
portions  of  the  base  160  is  a  longitudinally  ex- 
tending  channel  166,  through  which  a  piercing 
member  30A  can  move  longitudinally  through  the 
fastener  30B.  It  is  preferred  that  each  fastener 

channel  166  extend  laterally  outward  of  a  prong 
162  and  that  a  pair  of  barbs  164'  and  164"  be  pro- 
vided  on  the  prong  on  laterally  opposite  sides  of 
the  fastener  channel  166  as  shown  in  Figure  23.  It 
is  also  preferred  that  each  barb  164  have  a  sharply 
delineated  proximal  surface  168.  In  this  regard,  it 
is  preferred  that  the  proximal  surface  168  of  the 
barb  164  form  an  angle.of  no  more  than  about  90° 
with  the  proximally  located  portions  of  the  lateral 
surface  of  the  prong  162  on  which  the  barb  164  is 
located.  It  is  also  preferred  that  the  proximal  barb 
surface  168  extend  around  the  entire  circum- 
ference  of  the  proximally  located  portions  of  the 
lateral  surface  of  the  prong  162.  It  is  further  pre- 
ferred  that  the  lateral  cross-section  of  each  prong 
162  be  generally  annular  as  shown  in  Figure  25 
and  the  longitudinal  cross-section  of  each  barb  be 
tapered  as  seen  from  Figure  23. 

As  shown  in  Figures  27  to  30,  each  retainer  26A 
of  this  invention  preferably  comprises  a  laterally 
extending  base  170  having  one  or  more,  longi- 
tudinal,  preferably  proximal,  extensions  172.  The 
base  170  of  the  retainer  26A  is  adapted  to  be  fric- 
tionally  held  in  the  anvil  assembly  26.  Preferably, 
the  retainer  26A  has  two  parallel  longitudinal 
extensions  172  on  laterally  opposite  ends  of  its 
base  170.  In  each  longitudinal  extension  172  and 
its  longitudinally  located  portions  of  the  base  170 
is  a  longitudinally  extending  hole  174.  Each  longi- 
tudinal  extension  172  also  includes  at  least  one 
longitudinal  slit  176,  communicating  with  its 
retainer  hole  174  and  a  lateral  surface  of the  longi- 
tudinal  extension  172.  Preferably,  each  longi- 
tudinal  extension  172  includes  two  longitudinal 
slits  176  on  laterally  opposite  sides  of  the  longi- 
tudinal  extension  172.  The  longitudinal  slits  176 
make  each  longitudinal  extension  172  of  the 
retainer  26A  laterally  expandable  about  the 
retainer  hole  174  in  the  longitudinal  extension 
172.  At  the  distal  end  of  each  laterally  expandable, 
longitudinal  extension  172,  an  internal,  laterally 
extending,  distal  surface  178  is  also  preferably 
provided  about  the  retainer  hole  174.  In  this 
regard,  the  distal  surface  178  preferably  extends 
around  the  entire  circumference  of  the  retainer 
hole  174.  Preferably,  the  lateral  cross-section  of 
each  longitudinal  extension  172  of  a  retainer  and 
each  retainer  hole  174  is  annular  as  seen  from 
Figure  28. 

The  retainers  26A  and  their  longitudinal  exten- 
sions  172  and  the  holes  174  therein  and  the 
fasteners  30B  and  their  prongs  162  and  the  barbs 
164  thereon  are  located  in  the  anvil  and  fastener- 
carrying  assemblies  26  and  30,  respectively,  in 
such  a  way  that  each  prong  162  of  a  fastener  can 
be  moved  distally  into  a  hole  174  in  a  longitudinal 
extension  172  of  a  retainer,  with  a  barb  164  on  the 
prong  162  urging  the  longitudinal  extension  172 
of  the  retainer  to  expand  laterally  about  the 
retainer  hole  174  until  the  barb  164  extends 
distally  of  the  longitudinal  extension  172  and  the 
proximal  surface  168  of  the  barb  164  can  engage 
the  distal  surface  178  of  the  longitudinal  exten- 
sion  172  about  the  retainer  hole  174  as  shown  in 
Figures  20  and  22. 



Similarly,  the  piercing  members  30A  and  their 
distal  ends  143A  are  located  in  the  fastener- 
carrying  assembly  30  so  that  each  piercing 
member  30A  can  be  moved  distally  to  pierce  an 
opening  in  tissue,  between  the  anvil  and  fastener- 
carrying  assemblies  26  and  30,  through  which 
opening  a  fastener  prong  162  and  its  barb  164  can 
subsequently  be  moved  distally  before  the  prong 
162  and  barb  164  are  moved  distally  into  a 
retainer  hole  174.  Preferably,  each  piercing 
member  30A  is  located  so  that  its  distal  end  143A 
can  also  be  moved  distally  into  a  retainer  hole  174 
after  piercing  the  tissue. 

In  the  operation  of  the  instrument  10  of  this 
invention  as  shown  in  Figures  4 to  9,14,15  and  19 
to  22,  two  portions  of  tissue  T'  and  T",  to  be 
fastened,  are  inserted  between  the  instrument's 
longitudinally  spaced,  anvil  assembly  26  and 
fastener-carrying  assembly  30.  The  wing  nut  16  of 
the  actuating  mechanism  32  is  then  rotated  to 
rotate  the  threaded  rod  106  in  the  threaded  hole 
104  of  the  pusher  block  96.  This  causes  the  pusher 
bar  90  and  its  lateral  side  members  92  and  94  and 
block  96  to  move  distally.  Thereby,  the  bifurcated 
pusher  extensions  100  and  102  on  the  distal  ends 
of  the  lateral  side  pusher  members  92  and  94 
move  the  support  member  28  distally  through  the 
tubular  housing  portion  14.  Distal  movement  of 
the  support  member  28  through  the  tubular  hous- 
ing  portion  14  moves  the  fastener-carrying 
assembly  30,  on  the  distal  end  of  the  support 
member  28,  distally  toward  the  anvil  assembly  26 
so  that  the  tissue  T'  and  T"  is  clamped  between 
the  anvil  and  fastener-carrying  assemblies  26  and 
30. 

Rotation  of  the  wing  nut  16  and  distal  move- 
ment  of  the  pusher  bar  90  also  moves  distally  the 
elongated  projections  110  and  112  on  the  lower 
portions  of  the  lateral  side  pusher  member  92  and 
94  and  the  fourth  shaft  122.  Thereby,  the  lower 
portions  118  of  the  rectangular  frame  38  are  also 
moved  distally  with  the  fourth  shaft  122.  As  a 
result,  the  rectangular  frame  38  and  its  other  two 
opposite  side  64  and  65  rotate  longitudinally 
about  the  first  shaft  63  from  the  position  of  the 
rectangular  frame  38  in  Figure  4  to  its  position  in 
Figures  6  and  8.  Such  rotation  of  the  rectangular 
frame  38  moves  the  distal  ends  of  the  pusher  rods 
34  and  36  from  a  position  beneath  the  proximal 
ends  of  the  elongated  rods  130  and  132  to  a 
position  in  which  the  distal  ends  of  the  pusher 
rods  34  and  36  are  adjacent  to,  and  longitudinally 
aligned  with,  the  proximal  ends  of  the  elongated 
rods  130  and  132,  respectively,  as  shown  in  Figure 
6.  Such  rotation  of  the  rectangular  frame  38  also 
serves  to  move  the  connecting  member  52  into 
longitudinal  alignment  with  the  first  pusher  rod 
34  and  first  elongated  rod  130  and  to  move  the 
cam  follower  54  proximally  closer  to  the  first  cam 
surface  80A. 

When  the  rectangular frame  38  is  in  the  position 
shown  in  Figure  4,  before  rotation  of  the  wing  nut 
16  and  distal  movement  of  the  pusher  bar  90,  the 
actuating  mechanism  32  of  the  instrument  10  can- 
not  be  used  to:  a)  cause  the  piercing  members 

30A  to  be  moved  distally  to  pierce  the  tissue  T' 
and  T"  between  the  anvil  and  fastener-carrying 
assemblies  or  b)  cause  the  fasteners  30B  to  be 
moved  distally  through  holes  pierced  in  the  tissue 
T'  and  T"  and  then  into  holes  174  in  the  retainers 
26A.  In  this  regard,  the  rectangular  frame  38 
serves  to  prevent  inadvertent  actuation  of  the 
instrument  10  until  the  spacing  between  the  anvil 
and  fastener-carrying  assemblies  26  and  30  is 
such  that  the  tissue  T'  and  T"  can  be  suitably 
pierced  by  the  piercing  members  30A  and  then 
fastened  with  fasteners  30B  and  retainers  26A. 

After  rotation  of  the  wing  nut  16  and  distal 
movement  of  the  pusher  bar  90  to  rotate  the  rec- 
tangular  frame  38  and  to  bring  the  distal  ends  of 
the  pusher  rods  34  and  36  into  longitudinal 
alignment  with,  and  close  proximity  to,  the  proxi- 
mal  ends  of  the  elongated  rods  130  and  132,  the 
lower  portions  21  of  the  movable  second  handle 
20  can  be  moved  proximally  towards  the  fixed 
first  handle  18,  e.g.,  by  squeezing  the  handles 
together,  to  actuate  the  instrument  10.  Proximal 
movement  of  the  lower  portions  21  of  the  second 
handle  20  causes  longitudinal  rotation  of  the 
upper  portions  66  of  the  second  handle  20  about 
the  second  shaft  68.  Such  rotation  of  the  upper 
second  handle  portions  66  causes  longitudinal 
rotation  of  the  segmented  drive  gear  72  about  the 
second  shaft  68.  This  rotation  of  the  drive  gear  72 
causes  longitudinal  rotation  of  the  segmented 
driven  pinion  gear  74  about  the  third  shaft  75, 
which  causes  longitudinal  rotation,  about  the 
third  shaft  75,  of  the  drive  clutch  76  and  corre- 
sponding  rotation  of  the  driven  clutch  78  and  first 
cam  80,  on  which  the  driven  clutch  78  is  mounted. 
Preferably,  the  first  cam  80  is  rotated  longi- 
tudinally  a  total  of  approximately  135°  by  longi- 
tudinal  rotation  of  the  upper  second  handle  por- 
tions  66. 

As  the  lower  second  handle  portions  21  are 
initially  moved  proximally,  part-way  towards  the 
first  handle  18,  the  first  cam  80  undergoes  a  first 
longitudinal  rotation,  preferably  of  approximately 
45°.  During  the  first  rotation  of  the  first  cam  80, 
the  circumferential  first  cam  surface  80A  moves 
progressively  closer  longitudinally  to  the 
retainers  26A  and  urges  the  proximal  portions  of 
the  cam  follower  54  to  move  distally.  The  distal 
pressure  of  the  first  cam  surface  80A  against  the 
cam  follower  54,  during  the  first  rotation  of  the 
first  cam  80,  moves  distally  the  longitudinally 
aligned,  cam  follower  54,  connecting  member  52, 
first  pusher  rod  34,  first  elongated  rod  130,  and 
piercing  member  driver  140  which,  in  turn,  moves 
distally  the  two  parallel  rows  143  of  piercing 
members  30A.  The  first  rotation  of  the  first  cam  80 
causes  the  cam  follower  54,  connecting  member 
52,  first  pusher  rod  34,  first  elongated  rod  130  and 
piercing  member  driver  140  to  be  moved  distally, 
by  the  first  cam  surface  80A,  a  sufficient  distance 
so  that:  a)  the  distal  ends  143A  of  the  piercing 
members  30A  are  moved  distally  against,  and 
pierce,  the  tissue  T'  and  T";  and  b)  preferably,  the 
distal  ends  143A  of  the  piercing  members  are 
then  moved  further  distally  into  the  retainer  holes 



174.  Also  during  the  first  rotation  of  the  first  cam 
80,  the  second  cam  88  on  the  upper  second 
handle  portions  66  rotates  with  the  first  cam  80, 
and  the  circumferential  second  cam  surface  88A 
moves  progressively  closer  longitudinally  to  the 
retainers  26A  but  does  not  contact  the  proximal 
end  of  the  second  pusher  rod  36. 

As  the  lower  second  handle  portions  21  are 
subsequently  moved  proximally,  the  rest  of  the 
way  towards  the  first  handle  18,  the  first  cam  80 
undergoes  a  second  longitudinal  rotation,  prefer- 
ably  of  approximately  45°.  During  the  second 
rotation  of  the  first  cam  80,  the  second  cam  88 
undergoes  a  corresponding  second  rotation,  in 
which  the  circumferential  second  cam  surface 
88A  moves  progressively  closer  longitudinally  to 
the  retainers  26A  and  urges  the  proximal  end  of 
the  second  pusher  rod  36  to  move  distally.  The 
distal  pressure  of  the  second  cam  surface  88A 
against  the  second  pusher  rod  36,  during  the 
second  rotation  of  the  first  cam  80,  moves  distally 
the  longitudinally  aligned,  second  elongated  rod 
132,  fastener  driver  144,  and  fastener  driver 
extensions  147  and  148  which,  in  turn,  move 
distally  the  two  parallel  rows  of  fasteners  26B. 
The  second  rotation  of  the  first  cam  80  causes  the 
second  pusher  rod  36,  second  elongated  rod  132, 
fastener  driver  144  and  fastener  drive  extensions 
147  and  148  to  be  moved  distally,  by  the  second 
cam  surface  88A,  a  sufficient  distance  so  that  the 
prongs  162  on  the  fasteners  30B:  a)  are  moved 
distally  through  the  openings,  pierced  in  the 
tissue  T'  and  T"  by  the  piercing  members  30A, 
and  b)  then  are  moved  further  distally  into  the 
retainer  holes  174  to  hold  the  fasteners  and 
retainers  together.  In  this  regard,  it  is  preferred 
that  the  fasteners  30B  be  moved  distally  by  the 
second  cam  surface  88A,  during  the  second  rota- 
tion  of the  first  cam  80,  so  that  the  fastener  prongs 
162  extend  through  the  retainer  holes  174,  distally 
of the  longitudinal  extensions  172  of the  retainers 

26A,  with  a  proximal  surface  168  of  a  barb  164  on 
each  fastener  prong  162  engaging  a  laterally 
extending,  distal  surface  178  of  a  longitudinal 
extension  172  of  a  retainer  about  a  retainer  hole 
174.  Thereby,  when  the  first  cam  80  has  under- 
gone  its  first  and  second  rotations,  the  portions  of 
tissue  T'  and  T",  between  the  anvil  and  fastener 
carrying  assemblies,  will  have  been  securely  fas- 
tened  together. 

In  the  operation  of  the  instrument  10,  the 
piercing  members  30A  initially  move  distally 
through  the  fastener  channels  166  to  pierce  the 
tissue  T'  and  T".  When  the  fastener  prongs  162 
subsequently  move  distally  through  the  openings 
pierced  in  the  tissue  T'  and  T"  and  into  engage- 
ment  with  the  retainers  26A,  the  fasteners  30B 
preferably  move,  at  least  part  way  distally,  while 
being  supported  by  the  piercing  members  30A 
extending  through  the  fastener  channels  166. 

To  provide  such  support  for  the  fasteners  30B, 
the  distal  ends  143A  of the  piercing  members  30A 
can  remain  distally  extended,  e.g.,  in  the  retainer 
holes  174,  after  piercing  the  tissue  T'  and  T"  and 
while  the  fastener  prongs  162  are  moved  distally 

through  the  tissue  and  into  the  retainer  holes  174. 
Thereby,  the  fasteners  30B  would  be  supported 
by  the  piercing  members  30A  the  whole  way  that 
the  fasteners  30B  move  distally.  For  this  purpose, 
one  could  use,  as  the  first  cam  80,  the  cam  80'"  of 
Figure  12.  As  shown  in  Figure  12,  the  first  cam 
surface  80A  of  cam  80'"  would  urge  the  cam 
follower  54,  and  thereby  the  piercing  members 

30B,  to:  a)  move  distally  during  the  first  rotation 
("I"  in  Figure  12)  of  the  first  cam  80'"  and  b) 
remain  distally  extended  during  the  second  rota- 
tion  ("II"  in  Figure  12)  of  the  first  cam  80"'. 

Alternatively,  as  shown  in  Figures  19  to  22,  the 
distal  ends  143A of the  piercing  members  30A  can 
be  retracted,  by  being  moved  proximally,  after 
piercing  the  tissue  T'  and  T"  and  before  the 
fasteners  30B  are  moved  distally.  For  this  pur- 
pose,  one  could  use  as  the  first  cam  80:  a)  cam 
80"  of  Figure  11  in  order  to  totally  retract  the 
piercing  members  30A  so  that  they  provide  no 
support  to  the  fasteners  30B  during  the  fasteners' 
distal  movement;  or  b)  cam  80'  of  Figure  10  or 
cam  80""  of  Figure  13  in  order  to  partially  retract 
the  piercing  members  30A  so  that  they  provide 
support  to  the  fasteners  30B  during  part  of  the 
fasteners'  distal  movement.  With  any  of  the  first 
cams  80',  80"  or  80"",  the  fifth  spring  130A  about 
the  first  elongated  rod  130  shown  in  Figure  15:  a) 
would  be  longitudinally  compressed  by  the  pin 
130B,  through  the  first  elongated  rod  130,  when 
the  piercing  members  30A  are  initially  moved 
distally  during  the  first  rotation  ("I"  in  Figures  10, 
11  and  13)  of  the  first  cams  80',  80"  and  80""; 
and  b)  would  subsequently  urge  the  pin  130B  and 
the  first  elongated  rod  130,  and  thereby  the 
piercing  members  30A,  to  move  proximally  when 
the  first  cam  surface  80A  no  longer  urged  the  cam 
follower  54  distally  during  a  third  rotation  ("III"  in 
Figures  10,  11  and  13)  of  the  first  cams  80',  80" 
and  80"",  following  their  first  rotation  and  before 
their  second  rotation  ("II"  in  Figures  10,  11  and 
13).  Preferably,  the  third  rotation  of  the  first  cams 
80', 80"  and  80""  would  be  approximately  45°. 

Furthermore,  the  distal  ends  143A  of  the  pierc- 
ing  members  30A  can,  after  being  moved  distally 
again  when  the  fasteners  30B  are  moved  distally 
in  order to  provide  support to  the fasteners  during 
their  distal  movement.  For  this  purpose,  one 
could  use,  as  the  first  cam  80,  cam  80'  of  Figure 
10.  With  first  cam  80',  the  first  cam  surface  80A 
would  urge  the  cam  follower  54,  and  thereby  the 
piercing  members  30A,  to  move  distally  during 
the  second  rotation  ("II"  in  Figure  10)  of  the  first 
cam  80',  following  its  first  and  third  rotations  ("I") 
and  "III",  respectively,  in  Figure  10). 

The  terms  "longitudinal",  "lateral",  "distal", 
"proximal",  "lower",  "upper",  "downward",  "up- 
ward",  "beneath",  and  the  like,  as  used  herein, 
are  relative  terms.  These  terms  are  used  to  de- 
scribe  the  relative  spatial  relationships  among  the 
various  elements  of  the  device  for  applying  surgi- 
cal  fasteners  of  this  invention.  The  use  of  such 
terms,  however,  should  not  be  construed  as 
limiting  the  invention  in  the  device. 

The  term  "absorbable"  as  applied  to  the 



fasteners  and  retainers  of  this  invention  is  in- 
tended  to  encompass  any  conventional,  plastic- 
like,  biodegradable  or  human  body  absorbable 
material  that  can  be  suitably  introduced  into  the 
human  body  for  fastening  body  tissue  together. 
Among  the  suitable  absorbable  materials  for  such 
fasteners  and  retainers  are  cat  gut  (collagen 
derived  from  sheep  intestinal  submucosa),  poly- 
glycolic  acid,  polylactic  acid,  copolymer  blends  of 
polyglycolic  acid  and  polylactic  acid,  recon- 
stituted  collagen,  polymers  of  p-dioxanone,  poly- 
esters,  polyamino  acids  such  as  casein,  albumin 
and  the  like,  polyhydric  alcohol  polymers  such  as 
polyvinyl  alcohol,  cellulose  glycolic  acid  ethers, 
and  esters  of  alpha-cyanoacrylic  acid,  such  as 
methyl  alphacyanoacrylate.  Examples  of  suitable 
polyglycolic  acids  are  disclosed  in  U.S.  Patents 
3,463,158,  3,739,773  and  3,772,420.  Examples  of 
suitable  polylactic  acids  are  disclosed  in  U.S. 
Patent  3,636,956.  Examples  of  suitable  absorb- 
able  polyesters  are  set  forth  in  U.S.  Patents 
3,225,766  and  3,883,901.  Suitable  absorbable 
cellulose  glycolic  acid  ethers  are  disclosed  in  U.S. 
Patent  3,764,159.  Examples  of  suitable  esters  of 
alpha-cyanoacrylic  acid  are  found  in  U.S.  Patents 
3,527,841,  3,564,078  and  3,759,264.  Preferably, 
the  absorbable  fasteners  and  retainers  of  this 
invention  are  made  from  an  injection  molded, 
amorphous  copolymer  of  10-50%  (by  weight) 
glycolide  and  50-90%  lactide.  The  molecular 
weight  of  the  copolymer  should  be  from  about 
30,000-40,000  up  to  about  130,000. 

It  is  contemplated  that  the  housing,  wing  nut, 
pusher  rods,  elongated  rods,  spacer,  fastener 
prongs,  retainer  holes,  as  well  as  other  elements 
of  the  instrument  and  fastening  device  of  this 
invention,  could  have  lateral  cross-sections  other 
than  circular,  such  as  square. 

It  is  also  contemplated  that  the  fasteners,  the 
retainers  or  both  of  this  invention  could  be  made 
from  other  plastic-like  materials  for  fastening 
devices,  besides  the  absorbable  materials.  In  this 
regard,  it  is  contemplated  that  any  conventional, 
flexible  and  elastic,  non-rigid  material  for  fasten- 
ing  devices,  such  as  polyethylene,  polypropylene 
and  nylon,  could  be  used  as  the  plastic-like 
material  in  the  fasteners  and/or  the  retainers  of 
this  invention.  It  is  also  contemplated  that  either 
the  retainers  or  the  fasteners  of  this  invention 
could  be  made  from  a  non-plastic-like  material, 
such  as  a  metal,  e.g.,  stainless  steel.  However,  it  is 
preferred  that  the  retainers  be  made  of  a  plastic- 
like  material,  and  it  is  particularly  preferred  that 
both  the  retainers  and  the  fasteners  be  made  of  a 
plastic-like  material. 

1.  A  two-piece  plastic-like  device  for  surgically 
fastening  tissue,  comprising: 

a  plastic-like  retainer  (26A)  having  a  longi- 
tudinal  extension  (172);  a  hole  (174)  extending 
longitudinally  through  the  retainer  and  its  longi- 
tudinal  extension;  the  retainer  being  adapted  to 
be  positioned  on  the  distal  side  of  the  tissue  to  be 

fastened;  the  longitudinal  extension  (172)  of  the 
retainer  being  laterally  expandable  about  the 
retainer  hole  (174);  and 

a  fastener  (30B)  having  distally  extending 
prongs  (162);  the  fastener  being  adapted  to  be 
positioned  on  the  proximal  side  of  the  tissue  to  be 
fastened;  a  laterally  extending  barb  (164)  being 
provided  on  a  lateral  surface  of  the  prong  (162); 
the  fastener  being  adapted  to  be  moved  distally 
so  that  the  prong  and  its  barb:  1)  move  distally 
through  an  opening  pierced  in  the  tissue  to  be 
fastened,  and  2)  then  move  distally  into  the 
retainer  hole  (174),  with  the  barb  (164)  urging  the 
longitudinal  extension  (172)  of  the  retainer  to 
expand  laterally,  until  the  barb  extends  distally  of 
the  longitudinal  extension  of  the  retainer  and  a 
proximal  surface  of  the  barb  non-releasably 
engages  a  laterally  extending,  distal  surface  of  the 
longitudinal  extension  of  the  retainer  about  the 
retainer  hole,  characterized  in  that  it  further  com- 
prises: 

a  channel  (166)  extending  longitudinally 
through  the  fastener  (30B)  and  its  prong  (162);  the 
longitudinal  center  line  of  the  fastener  channel 
(166):  1)  being  parallel  to  the  longitudinal  center 
line  of  the  retainer  hole  (174)  and  2)  extending 
within  said  retainer  hole;  and 

said  fastener  channel  (166)  being  adapted  to 
allow  a  piercing  member  (30A)  and  the  fastener 
(30B)  to  move  longitudinally  with  respect  to  each 
other,  said  piercing  member  (30A)  having  means 
(143A)  on  its  distal  end  for  piercing  an  opening 
through  the  tissue  between  the  retainer  (26A)  and 
the  fastener  (30B)  upon  distal  movement  of  the 
distal  end  of  the  piercing  member  (30A)  against 
the  tissue  to  be  fastened. 

2.  The  device  of  claim  1  which  comprises: 
two  parallel  prongs  (162)  on  laterally  opposite 

ends  of  the  fastener  (30B);  and 
two  parallel  longitudinal  extensions  (172)  on 

laterally  opposite  ends  of  the  retainer  (26A);  each 
longitudinal  extension  (172)  being  laterally 
expandable  about  a  retainer  hole  (174). 

3.  The  device  of  claim  1  or  2,  wherein  each 
longitudinal  extension  (172)  of  the  retainer  (26A) 
is  a  proximal  extension  of  said  retainer. 

4.  The  device  of  claim  1  or  2,  wherein  each 
longitudinal  extension  (172)  of  the  retainer  (26A) 
includes  at  least  one  longitudinal  slit  (176)  com- 
municating  with  its  retainer  hole  (174)  and  a 
lateral  surface  of  said  longitudinal  extension  of 
the  retainer. 

5.  An  instrument  for  surgically  fastening  tissue 
by  means  of  a  two-piece  plastic-like  device 
according  to  any  one  of  claims  1  to  4,  charac- 
terized  in  that  it  comprises: 

a  first,  elongated,  longitudinally  extending 
means  (130)  for  moving  the  piercing  member 
(30A)  distally  with  distal  movement  of  the  first 
moving  means,  the  distal  end  of  the  first  moving 
means  being  adapted  to  move  distally  to  contact, 
and  move  distally,  the  proximal  end  of  said 
piercing  member; 

a  second,  elongated,  longitudinally  extending 
means  (132)  for  moving  the  fastener  (30B)  distally 



with  distal  movement  of  the  second  moving 
means;  the  distal  end  of the  second  moving  means 
being  adapted  to  move  distally  to  contact,  and 
move  distally,  the  proximal  end  of  said  fastener; 

first  means  (34),  located  adjacent to  the  proximal 
end  of the  first  moving  means  (130),  for  urging  the 
proximal  end  of  said  first  moving  means  to  move 
distally  when  the  proximal  end  of  the  first  urging 
means  (34)  is  urged  to  move  distally; 

second  means  (36),  located  adjacent  to  the 
proximal  end  of  the  second  moving  means  (132), 
for  urging  the  proximal  end  of the  second  moving 
means  to  move  distally  when  the  proximal  end  of 
the  second  urging  means  (36)  is  urged  to  move 
distally; 

means  for  simultaneously  1)  rotating  about  a 
transverse  axis  both  the  first  and  second  urging 
means  so  that  said  urging  means  become  longi- 
tudinally  aligned  with  the  first  and  second  moving 
means,  respectively,  and  2)  moving  distally  both 
the  piercing  member  and  the  fastener  so  that 

a)  the  longitudinal  spacing  between  the  piercing 
member  (30A)  and  the  tissue  to  be  fastened, 
becomes  such  that  said  piercing  member,  when 
moved  distally  by  the  first  moving  means,  can 
pierce  the  tissue  and 

b)  the  longitudinal  spacing  between  the  fastener 
(30B)  and  the  retainer  (26A)  becomes  such  that  the 
prong  (162)  of  the  fastener,  when  moved  distally 
by  the  second  moving  means,  can  move  through 
the  opening  pierced  in  the  tissue  and  into  the 
retainer  hole  (174)  to  hold  the  retainer  (26A)  and 
fastener  (30B)  together; 

a  rotatable  first  cam  (80)  having  a  circum- 
ferential  first  cam  surface  (80A)  that  moves  pro- 
gressively  closer  longitudinally  to  the  retainer 
(26A)  upon  actuation  and  that  urges  the  proximal 
end  of  the  first  urging  means  (34)  to  move  distally 
as  the  first  cam  undergoes  a  first  rotation;  and 

a  rotatable  second  cam  (88)  having  a  circum- 
ferential  second  cam  surface  (88A)  that  moves  pro- 
gressively  closer  longitudinally  to  the  retainer 
(26A)  upon  actuation  and  that  urges  the  distal  end 
of  the  second  urging  means  (36)  to  move  distally 
as  the  first  cam  (80)  undergoes  a  further  second 
rotation;  the  second  cam  (88)  being  parallel  to  the 
first  cam  (80)  and  rotating  with  said  first  cam;  and 
the  second  cam  surface  (88A)  not  urging  the  distal 
end  of  the  second  urging  means  (36)  to  move 
distally  during  the  first  rotation  of  the  first  cam 
(80). 

1.  Zweiteilige,  kunststoffartige  Einrichtung  zum 
chirurgischen  Festlegen  von  Gewebe,  die  umfaßt: 

ein  kunstoffartiges  Halteelement  (26A)  mit 
einem  Längsfortsatz  (172);  einem  sich  durch  das 
Halteelement  und  seinen  Längsfortsatz  sich  in 
Längsrichtung  erstreckenden  Loch,  wobei  das 
Halteelement  auf  der  distalen  Seite  des  festzuleg- 
enden  Gewebes  angeordnet  werden  kann  und  der 
Längsfortsatz  (172)  des  Halteelementes  unter  Auf- 
weitung  des  Loches  (174)  quer  spreizbar  ist;  und 

ein  Befestigungselement  (30B)  das  distal  sich 

erstreckende  Zinken  (162)  aufweist  und  auf  der 
proximalen  Seite  des  festzulegenden  Gewebes 
angeordnet  werden  kann,  wobei  auf  einer  Seiten- 
fläche  der  Zinke  (162)  ein  sich  seitwärts  erstreck- 
enden  Widerhaken  (164)  vorgesehen  ist  und  das 
Befestigungselement  distal  derart  bewegbar  ist, 
daß  die  Zinke  und  der  Widerhaken  1)  sich  distal 
durch  eine  durch  das  festzulegende  Gewebe  ge- 
stochene  Öffnung  hindurchbewegen  und  2)  da- 
nach  distal  in  das  Loch  (174)  eindringen, wobei  der 
Widerhaken  (164)  den  Längsfortsatz  (172)  des 
Halteelementes  quer  zu  spreizen  trachtet,  bis  der 
Widerhaken  distal  von  dem  Längsfortsatz  des 
Halteelementes  wegragt  und  eine  proximale  Flä- 
che  des  Widerhakens  unlösbar  an  einer  seitlich 
sich  erstreckenden,  distalen  Fläche  des  Längsfort- 
satzes  des  Halteelementes  im  Bereich  des  Loches 
angreift,  dadurch  gekennzeichnet,  daß  die  Einrich- 
tung  ferner  umfaßt: 

eine  Nut  (166),  die  sich  in  Längsrichtung  durch 
das  Befestigungselement  (30B)  und  seinen  Zinken 
(162)  erstreckt,  wobei  die  Längsmittellinie  der  Nut 
(166)  1)  parallel  zur  Längsmittellinie  des  Loches 
(174)  und  2)  innerhalb  des  Loches  verläuft;  und 

einen  Stecher  (30A),  dem  die  Nut  (166)  im 
Befestigungselement  eine  Relativbewegung  be- 
züglich  des  Befestigungselementes  (30B)  in  Lags- 
richtung  gestattet,  wobei  der  Stecher  (30A)  Mittel 
(143A)  an  seinen  distalen  Ende  zum  Stechen  einer 
Öffnung  durch  das  Gewebe  zwischen  dem  Halte- 
element  (26A)  und  dem  Befestigungselement 
(30B)  bei  einer  distalen  Bewegung  des  distalen 
Endes  des  Stechers  (30A)  gegen  das festzulegende 
Gewebe  aufweist. 

2.  Einrichtung  nach  Anspruch  1,  die  umfaßt: 
zwei  parallele  Zinken  (162)  an  einander  in  Quer- 

richtung  entgegengesetzten  Enden  des 
Befestigungselementes  (30B)  und 

zwei  parallele  Längsfortsätze  (172)  an  in  Quer- 
richtung  entgegengesetzten  Enden  des  Halte- 
elementes  (26A),  wobei  jeder  Längsfortsatz  (172) 
zur  Aufweitung  des  Loches  (174)  des  Halte- 
elementes  quer  spreizbar  ist. 

3.  Einrichtung  nach  Anspruch  1  oder  2,  bei  der 
jeder  Längsfortsatz  (172)  des  Halteelementes 
(26A)  eine  proximale  Verlängerung  des  Halte- 
elementes  darstellt. 

4.  Einrichtung  nach  Anspruch  1  oder  2,  bei  der 
jeder  Längsfortsatz  (172)  des  Halteelementes 
(26A)  mindestens  einen  Längsschlitz  (176)  auf- 
weist,  der  mit  seinem  Loch  (174)  und  einer  Seiten- 
fläche  des  Längsfortsatzes  des  Halteelementes 
kommuniziert. 

5.  Instrument  zum  chirurgischen  Festlegen  von 
Gewebe  mittels  einer  zweiteiligen,  kunststoff- 
artigen  Einrichtung  nach  einem  der  Ansprüche  1 
bis  4,  gekennzeichnet  durch: 

eine  erste  langgestreckte,  sich  in  Längsrichtung 
erstreckende  Bewegungseinrichtung  (130)  zum 
distalen  Bewegen  des  Stechers  (30A)  während 
einer  distalen  Bewegung  der  ersten  Bewegungs- 
einrichtung,  wobei  das  distale  Ende  der  ersten 
Bewegungseinrichtung  eine  distale  Bewegung 
zum  Angreifen  und  distalen  Bewegen  des  proxi- 
malen  Endes  des  Stechers  ausführen  kann; 



eine  zweite  langgestreckte,  sich  in  Längsrich- 
tung  erstreckende  Bewegungseinrichtung  (132) 
zum  distalen  Bewegen  des  Befestigungs- 
elementes  (30B)  bei  distaler  Bewegung  der  zwei- 
ten  Bewegungseinrichtung,  wobei  das  distale  En- 
de  der  zweiten  Bewegungseinrichtung  eine  dista- 
le  Bewegung  zum  Angreifen  und  distalen  Bewe- 
gen  des  proximalen  Endes  des  Befestigungs- 
elementes  ausführen  kann; 

eine  erste  Übertragungseinrichtung  (34),  die 
benachbart  dem  proximalen  Ende  der  ersten 
Bewegungseinrichtung  (130)  angeordnet  ist  und 
das  proximale  Ende  der  ersten  Bewegungsein- 
richtung  distal  zu  bewegen  trachtet,  wenn  das 
proximale  Ende  der  ersten  Übertragungseinrich- 
tung  (34)  in  distaler  Richtung  belastet  ist; 

eine  zweite  Übertragungseinrichtung  (36),  die 
benachbart  dem  proximalen  Ende  der  zweiten 
Bewegungseinrichtung  (132)  angeordnet  sind 
und  das  proximale  Ende  der  zweiten  Bewegungs- 
einrichtung  distal  zu  bewegen  trachtet,  wenn  das 
proximale  Ende  der  zweiten  Übertragungseinrich- 
tung  (36)  distal  belastet  ist; 

eine  Einrichtung  zum  gleichzeitigen  1)  Drehen 
um  eine  Querachse  der  ersten  und  der  zweiten 
Übertragungseinrichtung  derart,  daß  die  Über- 
tragungseinrichtungen  in  Längsrichtung  mit  der 
ersten  und  zweiten  Bewegungseinrichtung  je- 
weils  fluchten,  und  2)  distalen  Bewegen  des 
Stechers  und  des  Befestigungselementes  derart, 
daß 

a)  der  Längsabstand  zwischen  dem  Stecher 
(30A)  und  dem  festzulegenden  Gewebe  so  einge- 
stellt  wird,  daß  der  Stecher  bei  einem  distalen 
Bewegen  durch  die  erste  Bewegungseinrichtung 
das  Gewebe  durchstechen  kann,  und 

b)  der  Längsabstand  zwischen  de  Befestigungs- 
element  (30B)  und  dem  Halteelement  (26A)  so 
eingestellt wird,  daß  der  Zinken  (162)  des  Befesti- 
gungselementes  beim  distalen  Bewegen  mittels 
der zweiten  Bewegungseinrichtung  sich  durch  die 
in  das  Gewebe  gestochene  Öffnung  hindurch  in 
das  Loch  (174)  des  Halteelementes  hinein- 
bewegen  kann,  um  das  Halteelement  (26A)  und 
das  Befestigungselement  (30B)  zusammenzu- 
halten; 

einen  drehbaren  ersten  Kurventräger  (80)  mit 
einer  ersten,  am  Umfang  sich  erstreckenden 
Kurvenfläche  (80A)  die  sich  bei  Betätigung  fort- 
schreitend  in  Längsrichtung  dem  Halteelement 
(26A)  nähert  und  dabei  das  proximale  Ende  der 
ersten  Übertragungseinrichtung  (34)  zu  einer  di- 
stalen  Bewegung  veranlaßt,  wenn  der  erste 
Kurventräger  eine  erste  Drehbewegung  ausführt; 
und  einen  drehbaren  zweiten  Kurventräger  (88) 
mit  einer zweiten  Kurvenfläche  (88A)  am  Umfang, 
die  sich  bei  Betätigung  fortschreitend  in  Längs- 
richtung  dem  Halteelement  (26A)  nähert  und  das 
distale  Ende  der  zweiten  Übertragungseinrich- 
tung  (36)  zu  einer  distalen  Bewegung  veranlaßt, 
wenn  der  erste  Kurventräger  (80)  eine  zweite 
Drehbewegung  ausführt,  wobei  der  zweite 
Kurventräger  (88)  parallel  zum  ersten  Kurven- 
träger  (80)  ist  und  mit  diesem  dreht  und  wobei  die 
zweite  Kurvenfläche  (88A)  das  distale  Ende  der 

zweiten  Übertragungseinrichtung  (36)  während 
der  erseten  Drehbewegung  der  ersten  Kurven- 
fläche  (80)  nicht  distal  bewegt. 

1.  Dispositif  de  fixation  en  deux  pièces,  du 
genre  en  matière  plastique,  pour  fixer 
chirurgicalement  un  tissu,  qui  comprend: 

un  organe  de  retenue  (26A),  du  genre  en  ma- 
tière  plastique  muni  d'un  prolongement  longi- 
tudinal  (172);  et  d'un  trou  (174)  qui  s'étend  longi- 
tudinalement  à  travers  le  dispositif  de  retenue  et 
son  prolongement  longitudinal;  l'organe  de  rete- 
nue  étant  adapté  pour  être  positionné  sur  le  côté 
distal  du  tissu  à  fixer;  le  prolongement  longi- 
tudinal  (172)  de  l'organe  de  retenue  pouvant  être 
dilaté  latéralement  de  part  et  d'autre  du  trou  (174) 
de  l'organe  de  retenue;  et 

un  organe  de  fixation  (30B)  muni  de  dents  (162) 
s'étendant  dans  la  direction  distale,  l'organe  de 
fixation  étant  adapté  pour  être  positionné  sur  le 
côté  proximal  du  tissu  à  fixer;  une  barbe  (164)  qui 
s'étend  latéralement  étant  prévue  sur  une  surface 
latérale  de  la  dent  (162);  l'organe  de  fixation  étant 
adapté  pour  être  entraîné  dans  la  direction  distale 
de  façon  que  la  dent  et  sa  barbe:  1 )  avancent  dans 
la  direction  distale  en  traversant  une  ouverture 
percée  dans  le  tissu  à  fixer;  et  2)  pénètrent  ensuite 
dans  la  direction  distale  dans  le  trou  (174)  de 
l'organe  de  retenue,  la  barbe  (164)  contraignant 
alors  le  prolongement  longitudinal  (172)  de  l'or- 
gane  de  retenue  à  se  dilater  transversalement, 
jusqu'à  ce  que  la  barbe  se  trouve  dans  une 
position  distale  par  rapport  au  prolongement 
longitudinal  de  l'organe  de  retenue,  et  qu'une 
surface  proximale  de  la  barbe  accroche  de  façon 
inamovible  une  surface  transversale  distale  du 
prolongement  longitudinal  de  l'organe  de  retenue 
de  part  et  d'autre  du  trou  de  l'organe  de  retenue, 
caractérisé  en  ce  qu'il  comprend  en  outre: 

une  rainure  (166)  s'étendant  longitudinalement 
dans  l'organe  de  fixation  (30B)  et  dans  sa  dent 
(162),  l'axe  longitudinal  de  la  rainure  (166)  de 
l'organe  de  fixation:  1)  étant  parallèle  à  l'axe 
longitudinal  du  trou  (174)  de  l'organe  de  retenue 
et  2)  étant  situé  dans  les  limites  dudit  trou  de 
l'organe  de  fixation;  et 

ladite  rainure  (166)  de  l'organe  de  fixation  étant 
adaptée  pour  permettre  à  une  élément  perfora- 
teur  (30A)  et  à  l'organe  de  fixation  (30B)  de  se 
déplacer  l'un  par  rapport  à  l'autre  dans  la  direc- 
tion  longitudinale,  ledit  élément  perforateur  (30A) 
ayant  sur  son  extrémité  distale  des  moyens 
(143A)  pour  percer  une  ouverture  à  travers  le  tissu 
placé  entre  l'organe  de  retenue  (26A)  et  l'organe 
de  fixation  (30B)  sous  l'effet  d'un  mouvement  de 
l'extrémité  distale  de  l'élément  perforateur  (30A) 
dans  la  direction  distale  vers  le  tissu  à  fixer. 

2.  Dispositif  selon  la  revendication  1,  qui  com- 
prend: 

deux  dents  parallèles  (162)  situées  sur  les  extré- 
mités  transversalement  opposées  d'un  organe  de 
fixation  (30B);  et 

deux  prolongements  longitudinaux  (172)  paral- 



lèles  situés  sur  les  extrémités  transversalement 
opposées  de  l'organe  de  retenue  (26A);  chaque 
prolongement  longitudinal  (172)  pouvant  se  dila- 
ter  transversalement  de  part  et  d'autre  d'un  trou 
(174)  de  l'organe  de  retenue. 

3.  Dispositif  selon  la  revendication  1  ou  la 
revendication  2,  dans  lequel  chaque  prolonge- 
ment  longitudinal  (172)  de  l'organe  de  retenue 
(26A)  est  un  prolongement  proximal  dudit  organe 
de  retenue. 

4.  Dispositif  selon  la  revendication  1  ou  la 
revendication  2,  dans  lequel  chaque  prolonge- 
ment  longitudinal  (172)  de  l'organe  de  retenue 
(26A)  comprend  au  moins  une  fente  longitudinale 
(176)  qui  communique  avec  son  trou  d'organe  de 
retenue  (174)  et  avec  une  surface  latérale  dudit 
prolongement  longitudinal  de  l'organe  de  re- 
tenue. 

5.  Instrument  destiné  à  fixer  chirurgicalement 
un  tissu  au  moyen  d'un  dispositif  de  fixation  du 
type  selon  l'une  quelconque  des  revendications  1 
à  4,  caractérisé  en  ce  qu'il  comprend: 

des  premiers  moyens  d'entraînement  (130)  de 
forme  allongée,  s'étendant  longitudinalement, 
destinés  à  déplacer  l'élément  perforateur  (30A) 
dans  la  direction  distale  sous  l'effet  d'un  mouve- 
ment  des  premiers  moyens  d'entraînement  dans 
la  direction  distale;  l'extrémité  distale  des  pre- 
miers  moyens  d'entraînement  étant  adaptée  pour 
se  déplacer  dans  la  direction  distale  pour  entrer 
en  contact  avec  l'extrémité  proximale  dudit  élé- 
ment  perforateur  et  pour  la  déplacer  dans  la  direc- 
tion  distale; 

des  deuxièmes  moyens  d'entraînement  (132) 
de  forme  allongée,  s'étendant  longitudinalement, 
destinés  à  déplacer  l'organe  de  fixation  (30B) 
dans  la  direction  distale  sous  l'effet  d'un  mouve- 
ment  des  deuxièmes  moyens  d'entraînement 
dans  la  direction  distale;  l'extrémité  distale  des 
deuxième  moyens  d'entraînement  étant  adaptée 
pour  se  déplacer  dans  la  direction  distale  pour 
entrer  en  contact  avec  l'extrémité  proximale  dudit 
organe  de  fixation  et  pour  la  déplacer  dans  la 
direction  distale; 

des  premiers  moyens  de  sollicitation  (34), 
placés  à  proximité  de  l'extémité  proximale  des 
premiers  moyens  d'entraînement  (130),  et  des- 
tinés  à  solliciter  l'extrémité  proximale  desdits 
premiers  moyens  d'entraînement  à  se  déplacer 
dans  la  direction  distale  lorsque  l'extrémité  proxi- 
male  des  premiers  moyens  de  sollicitation  (34)  est 
sollicitée  pour  se  déplacer  dans  la  direction  dis- 
tale; 

des  deuxièmes  moyens  de  sollicitation  (36), 
placés  à  proximité  de  l'extrémité  proximale  des 

deuxièmes  moyens  d'entraînement  (132),  et  des- 
tinés  à  solliciter  l'extrémité  proximale  des 
deuxièmes  moyens  d'entraînement  à  se  déplacer 
dans  la  direction  distale  lorsque  l'extrémité  proxi- 
male  des  deuxièmes  moyens  de  sollicitation  (36) 
est  sollicitée  à  se  déplacer  dans  la  direction 
distale; 

des  moyens  destinés  à  1)  faire  tourner  autour 
d'un  axe  transversal  les  premiers  et  le  deuxièmes 
moyens  de  sollicitation  de  façon  que  lesdits 
moyens  de  sollicitation  s'alignent  longitudinale- 
ment  sur  les  premiers  et  les  deuxièmes  moyens 
d'entraînement,  respectivement;  et  2)  simultané- 
ment,  déplacer  l'élément  perforateur  et  l'organe 
de  fixation  dans  la  direction  distale  de  manière 
que 

a)  l'espacement  longitudinal  entre  l'élément 
perforateur  (30A)  et  le  tissu  à  fixer  devienne  tel 
que  ledit  élément  perforateur  puisse  percer  le 
tissu,  lorsqu'il  est  déplacé  dans  la  direction  distale 
par  les  premiers  moyens  d'entraînement  et 

b)  l'espacement  longitudinal  entre  l'organe  de 
fixation  (30B)  et  l'organe  de  retenue  (26A)  de- 
vienne  tel  que  la  dent  (162)  de  l'organe  de 
fixation,  lorsqu'elle  est  déplacée  dans  la  direction 
distale  par  les  deuxièmes  moyens  d'entraîne- 
ment,  puisse  passer  à  travers  l'ouverture  percée 
dans  le  tissu  et  pénétrer  dans  le  trou  (174)  de 
l'organe  de  retenue  pour  maintenir  l'organe  de 
retenue  (26A)  et  l'organe  de  fixation  (30B)  assem- 
blés; 

une  première  came  rotative  (80)  munie  d'une 
surface  circonférentielle  de  came  associée  (80A) 
qui  se  rapproche  progressivement  de  l'organe  de 
retenue  (26A)  dans  la  direction  longitudinale  lors- 
qu'elle  est  actionnée,  et  qui  sollicite  l'extrémité 
proximale  des  premiers  moyens  de  sollicitation 
(34)  à  se  déplacer  dans  la  direction  distale  lorsque 
la  première  came  subit  une  première  rotation;  et 

une  deuxième  came  rotative  (88)  munie  d'une 
surface  circonférentielle  de  came  associée  (88A) 
qui  se  rapproche  progressivement  de  l'organe  de 
retenue  (26A)  dans  la  direction  longitudinale  lors- 
qu'elle  est  actionnée,  et  qui  sollicite  l'extrémité 
proximale  des  deuxièmes  moyens  de  sollicitation 
(36)  à  se  déplacer  dans  la  direction  distale  lorsque 
la  première  came  (80)  subit  une  nouvelle 
deuxième  rotation;  la  deuxième  came  (88)  étant 
parallèle  à  la  première  came  (80)  et  tournant  avec 
ladite  première  came;  et  la  surface  de  deuxième 
came  (88A)  ne  solicitant  pas  l'extrémité  proximale 
des  deuxièmes  moyens  de  sollicitation  (36)  à  se 
déplacer  dans  la  direction  distale  pendant  la 
première  rotation  de  la  première  came  (80). 
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